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INTRODUCTION
Obesity is associated with the pathological condition of insulin resistance, which often leads to a number of interrelated metabolic derangements, including liver steatosis, hyperlipidemia, glucose intolerance, and cardiovascular disease, collectively characterized as the metabolic syndrome. Central to the development of the metabolic syndrome is white adipose tissue, which serves as the primary lipid storage depot. Excess caloric intake results in hypertrophic and dysfunctional adipocytes (Qatanani and Lazar, 2007; Rosen and Spiegelman, 2006) . Increased intracellular lipid accumulation activates several stress pathways, including the endoplasmic reticulum stress pathway, the JNK and NFkB signaling cascades, and apoptotic pathways (Hotamisligil and Erbay, 2008) . As a result, metabolic pathways in hypertrophic adipocytes are repressed, mitochondrial functions decline, and insulin signaling is disrupted. Activation of stress pathways in adipocytes also attract macrophages that contribute to obesity-associated inflammation and insulin resistance (Guilherme et al., 2008; Lumeng and Saltiel, 2011) .
Recently it was shown that the NLRP3 inflammasome is activated in white adipose tissue of obese mice and contributes to the progression of inflammation and insulin resistance (Vandanmagsar et al., 2011) . NLRP3 inflammasome consists of the regulatory subunit NLRP3, the adaptor protein Asc, and the effector cysteine protease, caspase-1. Activation of the NLRP3 inflammasome leads to caspase-1-dependent cleavage of two members of the IL-1 family of cytokines, IL-1b and IL18 . Importantly, mice lacking NLRP3 or caspase-1 are protected from high-fat diet-induced obesity, glucose intolerance, and adipose tissue inflammation (Stienstra et al., 2010; Vandanmagsar et al., 2011) . However, how nutrient excess initiates and sustains inflammation still remains obscure. Understanding the molecular mechanisms that lead to repression of metabolic functions and activation of stress and inflammatory signals could be of value in fighting obesity and metabolic syndrome.
SIRT1 is a NAD + -dependent deacetylase that plays an important role in maintaining metabolic functions in many tissues counteracting obesity (Guarente, 2006) . Transgenic mice that moderately overexpress SIRT1 in all tissues or mice treated with specific SIRT1 activators are protected from developing liver steatosis and insulin resistance after high-fat feeding (Banks et al., 2008; Bordone et al., 2007; Feige et al., 2008; Pfluger et al., 2008) . The role of SIRT1 in adipocyte metabolism has been studied mostly with cell culture systems. In white adipocytes, SIRT1 inhibits differentiation by repressing the transcriptional activity of PPARg (Picard et al., 2004) and improves insulin sensitivity by deacetylating NFkB (Yoshizaki et al., 2009) . Whole-body deletion of SIRT1 impairs mobilization of free fatty acids from white adipose tissue in response to fasting (Picard et al., 2004) . Also, a recent report showed an inverse relationship between SIRT1 levels in adipose tissue and inflammation in that tissue (Gillum et al., 2011) .
In this report, using the Cre/loxP technology to specifically ablate SIRT1 in differentiated adipocytes in vivo, we show that SIRT1 loss from adipose tissue results in a genetic reprogramming that largely overlaps with the reprogramming that occurs during high-fat diet feeding of wild-type mice. This finding prompted us to test the hypothesis that stress signals generated in obesity might inhibit SIRT1 activity in white adipose tissue. Indeed, we found that high-fat feeding or conditions of systemic inflammation induced the proteolytic cleavage of SIRT1. Importantly, our results show that NLRP3 inflammasome-activated caspase-1 is responsible for SIRT1 cleavage. This study establishes SIRT1 as an important link between stress signals generated in adipose tissue during high-fat feeding and the metabolic dysfunction of the tissue.
RESULTS
Adipose Tissue-Specific SIRT1 Knockout Mice Have Increased Adiposity To generate adipose tissue-specific SIRT1 knockout (FKO) mice, we crossed mice carrying the conditional SIRT1 allele (SIRT1 flox )
to transgenic mice expressing the Cre recombinase under the control of fatty acid binding protein 4 promoter (FABP4-cre), which is strongly expressed in differentiated adipocytes (He et al., 2003) . The SIRT1 flox mice contain loxP sites flanking exon 4 of the gene, which encodes part of the catalytic domain of the protein (Cheng et al., 2003) . The excision resulted in the generation of a smaller, less stable and catalytically inactive SIRT1 protein, in both white and brown adipose tissue, as confirmed by western blot analysis (Figure S1A available online). We verified by genomic PCR and quantitative RT-PCR that the excision of exon 4 of SIRT1 occurs strongly in mature adipocytes of SIRT1 FKO mice and not in other nonadipocyte cells present in the adipose tissue, such as preadipocytes, fibroblasts, macrophages, and immune cells, collectively called stromal vascular fraction (SVF) cells ( Figures S1B-S1D ). Importantly, we verified that the excision did not occur in macrophages isolated from the bone marrow of SIRT1 FKO mice (Figures S1A and S1C) or in the SVF fraction of adipose tissue of SIRT1 FKO mice fed either chow diet or high-fat diet ( Figures S1C and S1D ). Moreover, we did not detect any significant expression of Fabp4 in the SVF cells or macrophages by quantitative RT-PCR ( Figures S1C and S1D ).
FABP4-cre; SIRT1
flox/flox (FKO) mice and SIRT1 flox/flox wildtype (WT) littermate control mice were born at Mendelian ratios and appeared grossly normal. Interestingly, FKO mice fed chow diet gained significantly more weight compared to littermate WT controls over time ( Figure 1A ). The increased weight gain was manifested by increased accumulation of both visceral and subcutaneous fat. Gonadal and inguinal fat pads and brown adipose tissue from 2-month-old FKO mice fed chow diet weighed two to three times more compared to controls (Figures 1B, 1C, and 1D, respectively) . Histological analysis of visceral adipose tissue from young adult mice showed that white adipocytes of FKO mice were enlarged and contained bigger lipid droplets compared to WT controls ( Figure 1E ). Similarly, brown adipose tissue appeared to contain more fat ( Figure 1E ). Consistent with the increased adiposity, plasma leptin levels ( Figure S2A ) were significantly higher in FKO compared to WT adult mice, while insulin (Figure S2B) and adiponectin ( Figure S2C ) levels were not significantly changed. The increased adiposity cannot be attributed to differences in free fatty acids or increased food intake, as we did not observe any significant difference between the two groups ( Figures S2D and S2E , respectively). The increased body and adipose tissue weight, and the elevated plasma leptin levels were evident even in adolescent FKO mice (1 month old) ( Figures S2F-S2H ). In agreement with the normal levels of insulin and adiponectin in young adult FKO mice fed chow diet, glucose and insulin tolerance tests did not show any overt phenotype ( Figure S2I ). The increase in adiposity in FKO mice may be attributed to decreased metabolism in fat cells. (E) Representative H&E staining of gonadal white adipose tissue and quantification of adipocyte size (500 cells/genotype, n = 3). All of the above experiments were repeated at least once, yielding the same conclusions. Data are expressed as mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001 by two-tailed unpaired Student's t test. See also Figure S1 .
Adipose Tissue-Specific SIRT1 Knockout Mice Are Poised to Become Insulin Resistant SIRT1 FKO mice have increased adiposity and leptin levels, which might indicate a predisposition to insulin resistance. To test this hypothesis, we challenged FKO and WT mice with a short-term high-fat diet (HFD) regimen, containing 60% calories from fat or control diet containing 10% calories from fat (low-fat diet [LFD]) for 12 weeks, starting after weaning. Interestingly, HFD caused a rapid increase of body weight ( Figure 2A ) and adipose tissue mass in FKO mice ( Figures S3A-S3D ), compared to the WT. This regimen elicited a mild metabolic dysfunction in WT mice (glucose and insulin tolerance tests, WT/LFD versus WT/HFD in Figure 2B ), while this regimen caused severe glucose intolerance and insulin resistance in FKO (glucose and insulin tolerance tests, FKO/HFD versus WT/HFD in Figure 2B ). The levels of leptin and insulin in FKO/HFD were significantly elevated compared to WT/HFD, in agreement with the overt metabolic phenotype (Figures S2A and S2B, respectively) . Conversely, the adiponectin levels were significantly reduced in FKO/HFD correlating with its role as an insulin sensitizer ( Figure S2C ). FKO/HFD mice also had elevated circulating free fatty acids ( Figure S2D ), probably because of the increased adipose mass, and they consumed less food, probably as a response to the high levels of leptin ( Figure S2E ). Next, we examined the effects of SIRT1 loss from adipose tissue in combination with aging. Interestingly, 1-year-old FKO female mice fed chow diet presented a metabolic deregulation similar to that of FKO/HFD mice. They weighed significantly more compared to WT littermates ( Figure 2C ) and were glucose and insulin intolerant, as shown by glucose (GTT) and insulin (ITT) tolerance tests ( Figure 2D ). They also had higher levels of plasma leptin ( Figure S2A ), insulin ( Figure S2B ), and free fatty acids (Figure S2D) , and lower levels of adiponectin ( Figure S2C ). Thus, SIRT1 absence from adipose tissue leads to predisposition to diabetes, and when combined with a HFD or aging leads to a metabolic deregulation. These findings indicate that SIRT1 functions in adipose tissue to protect against metabolic deterioration upon dietary stress.
Adipose SIRT1 Deletion and HFD Induce Very Similar Changes in Gene Expression
To examine the molecular mechanisms underlying the predisposition of FKO mice to obesity and high-fat diet-induced insulin resistance, we performed genome-wide expression profiling on RNA isolated from white adipose tissue (WAT) of four groups of mice: WT mice on low-fat diet (WT/LFD), WT mice on high-fat diet (WT/HFD), FKO mice on low-fat diet (FKO/LFD) and FKO on high-fat diet (FKO/HFD). As before, the mice were placed on this diet only for a short period of time (8 weeks).
We profiled 40,000 transcripts and performed hierarchical clustering of all transcripts assayed on the gene expression chip. A composite dendrogram showed that the four groups of mice formed three clusters, within which there was very little Figure S4A ). A supervised hierarchical clustering using only the genes that changed at least 2-fold in any of the following comparisons, FKO/LFD versus WT/LFD, WT/HFD versus WT/LFD, and FKO/HFD versus WT/HFD, verified that FKO/LFD and WT/HFD shared a highly related gene signature ( Figure 3A ). We investigated further the association of FKO/LFD and WT/HFD by gene set enrichment analyses (GSEAs) of pathways most affected when comparing FKO/LFD versus WT/LFD and WT/HFD versus WT/LFD. The comparison of WT/HFD versus WT/LFD showed increases in gene categories related to inflammation (i.e., inflammatory response, response to wounding, and defense response) ( Figure 3B and Table S1 , part A) and decreases in categories related to metabolism (i.e., fatty acid metabolic process, coenzyme metabolic process and cofactor metabolic process) ( Figure 3B and Table S1 , part B). The comparison of FKO/LFD versus WT/LFD showed strikingly similar changes with the comparison WT/HFD versus WT/LFD, in most categories ( Figure 3B and Table S1 , parts A and B). The vast overlap between the genes changed in FKO/LFD versus WT/LFD and WT/HFD versus WT/LFD is shown in the Venn diagram ( Figure 3C ). These data indicate that deletion of SIRT1 in adipocytes elicits a set of transcriptional changes that is remarkably similar to the changes caused in adipocytes of WT mice fed a high-fat diet.
The fact that the FKO/HFD formed a cluster by itself ( Figures  3A, S4A , and S4B) is consistent with the metabolic dysfunction unique to this group. Genes specifically induced in this group include those related to cell cycle and replication (Table S1 , part D), which may arise from infiltrating macrophages and T cells (Nishimura et al., 2009; Yang et al., 2010) . Indeed, RT-PCR analysis confirmed strong increases in messenger RNA (mRNA) levels of monocyte chemoattractant factor (Mcp1) and Tnfa that were unique to this group ( Figure S4C ). In conclusion, challenging FKO mice with HFD leads to whole body glucose intolerance that correlates with infiltration of replicating cells, possibly macrophages and T cells that respond to stress cues generated by the adipocytes.
Overall our gene expression analyses clearly show that genetic ablation of SIRT1 from adipose tissue causes changes in gene expression that largely overlap with the changes caused by HFD. We conclude that SIRT1 has important roles in maintaining metabolic functions of white adipose tissue, and protects against the deleterious effects of dietary stress.
High-Fat Diet Feeding Results in Reduced SIRT1 Levels, in White Adipose Tissue Our gene expression analysis led us to hypothesize that HFD feeding might inhibit SIRT1 activity, mimicking the conditions of SIRT1 genetic ablation from adipose tissue. To test this Figure S4 and Table S1 .
Cell Metabolism
Obesity-Induced SIRT1 Cleavage and Inactivation hypothesis, we examined whether HFD affects the levels of SIRT1. Quantitative RT-PCR analysis of RNA isolated from white adipose tissue showed that SIRT1 mRNA levels were reduced by 2-fold in mice fed a HFD ( Figure 4A ). In addition, western blot analysis, using an antibody that recognizes the amino-terminal region of SIRT1 (1-131 aa) ( Figure S6B ), showed that protein levels were reduced almost 5-fold ( Figure 4B ). Western blotting of SIRT1 using a different antibody which recognizes the carboxy-terminal peptide of the protein ( Figure S6B ) revealed the presence of a faster migrating 80 kD species in HFD lysates ( Figure 4B , red arrow), which was undetectable by the aminoterminal antibody. Similarly, SIRT1 protein was reduced and the 80 kD species was detected in WAT lysates from the genetically obese mice ob/ob ( Figure 4C ). These findings indicate that the full-length SIRT1 protein is proteolytically cleaved in adipose tissue of obese animals. In agreement with lower levels of active SIRT1, the acetylation levels of p53-a bona fide target of SIRT1-were elevated in adipose tissue from HFD mice ( Figures  4B and S5B ). The reduction of SIRT1 mRNA levels is perhaps a result of feedback regulation of SIRT1 on its own promoter (Nemoto et al., 2004; Xiong et al., 2011) . Finally, the mRNA levels of Nampt, Nmnat1, and Nmnat3, key enzymes in the NAD biosynthetic pathway, were downregulated in adipose tissue of HFD mice, a finding also consistent with lower SIRT1 activity ( Figure S5A) .
A mechanism that could explain the reduction of the full-length SIRT1 protein is its degradation by the proteasome machinery. In liver, dietary stress was shown to induce SIRT1 phosphorylation by activated phospho-JNK1 (Gao et al., 2011; Nasrin et al., 2009) and targeted for proteolysis (Gao et al., 2011) . We tested whether JNK1 was activated in adipose tissue of mice fed HFD. Although we observed increased levels of both total JNK1 protein and the active, phosphorylated JNK1 in the HFD adipose tissue extracts ( Figure 4B ), we were unable to detect any phosphorylated SIRT1, using the phosphospecific antibody (Gao et al., 2011) . While our data cannot exclude the possibility that SIRT1 protein is targeted by JNK1 for proteasomal degradation, the presence of the 80 kD SIRT1 species, only detected by the carboxy-terminal antibody, points to a more specific proteolytic mechanism, that could be triggered by HFD.
To further explore this possibility, we queried which proteases might be responsible for SIRT1 cleavage. We used the Expasy Proteomics Server (http://ca.expasy.org/) and the program Peptidecutter to search for consensus cleavage sites recognized by In all panels, red arrows indicate the cleaved form of SIRT1 and blue arrows indicate the active form of caspase-1. All of the above experiments were repeated at least once, yielding the same conclusions. Data are expressed as mean ± SEM. **p < 0.01, ***p < 0.001 by two-tailed unpaired Student's t test. See also Figure S5 .
known proteases. We identified three tetrapeptides in the mouse SIRT1 amino acid sequence predicted to be recognition sites for the cysteine proteases caspases, which cleave after an aspartic acid ( Figure S6A ). D142 and D710 were predicted as cleavage sites for caspase-1 and D426 for caspase-3/caspase-7. Interestingly, the NLRP3 inflammasome and the downstream effector protease caspase-1 were recently found to be activated in adipose tissue of WT mice fed a HFD and in ob/ob mice (Stienstra et al., 2010; Vandanmagsar et al., 2011) , making caspase-1 an attractive candidate for SIRT1 cleavage. We confirmed that caspase-1 protein levels and activity are induced in WAT lysates of WT mice on HFD and of ob/ob mice, as indicated by the appearance of the cleaved, activated forms ( Figures 4B and 4C , blue arrows). Next, we tested whether SIRT1 cleavage is induced by proinflammatory signals that activate the NLRP3 inflammasome and caspase-1, irrespective of obesity . Indeed, we observed cleavage of SIRT1 and production of the 80 kD band in adipose tissue lysates of mice injected with the proinflammatory compounds LPS ( Figure 4D ) or TNFa ( Figure 4E ). We verified that caspase-1 is activated under these conditions ( Figures S5C and S5D) . Importantly, this cleavage was prevented when the mice were pretreated with the general caspase inhibitor BOC-D-FMK, indicating that the proteolysis was caspase dependent ( Figure 4E ). In summary, these results suggest that the inflammatory signals associated with obesity promote a caspase-dependent cleavage of SIRT1 protein, resulting in whole-body metabolic dysfunction.
Caspase-1 Is Responsible for SIRT1 Cleavage
We further investigated the molecular mechanism underlying the inflammation-induced SIRT1 cleavage, using cell culture systems. TNFa treatment of differentiated 3T3L1 adipocytes resulted in SIRT1 cleavage, generating a similar 80 kD band as in adipose tissue ( Figure 5A ). This cleavage was prevented by pretreatment of the cells with the general caspase inhibitor BOC-D-FMK. We repeated this experiment using immortalized mouse embryonic fibroblasts (MEFs) from WT and SIRT1 knockout embryos, in which the SIRT1 gene is completely ablated ( Figure 5B ). Importantly, we detected the 80 kD band in WT but not in SIRT1 KO MEFs, verifying that the cleaved protein is a SIRT1 fragment. In order to determine which caspase is responsible for SIRT1 cleavage, we performed assays using protein extracts from WT MEFs and recombinant caspases. Caspase-1 was the only recombinant caspase that cleaved SIRT1, and higher amounts of caspase-1 led to complete cleavage of the full-length protein ( Figure 5C ). Next, we generated SIRT1 single mutants for each of the predicted cleavage sites, substituting the aspartic acid with alanine (D142A, D426A, and D710A). We expressed WT and each SIRT1 mutant in SIRT1 KO MEFs, prepared protein extracts, and performed in vitro caspase reactions. The mutant SIRT1 D142A was resistant to in vitro caspase-1 cleavage, demonstrating that this is the cleavage site recognized by caspase-1 ( Figure 5D ). Finally, to further corroborate these findings, SIRT1 KO MEFs were transfected with SIRT1 or the aspartate mutants and treated with TNFa to activate caspase-1 ( Figure 5E ). Again, only SIRT1 D142A was resistant to proteolytic cleavage. Overall, based on these results we conclude that inflammation induced SIRT1 cleavage by caspase-1 at D142.
TNF
Next, we examined whether the cleavage of SIRT1 by caspase-1 in fact results in a reduction of SIRT1 function in cells. We overexpressed either the full-length or the truncated SIRT1 in SIRT1 KO MEFS and determined the levels of acetylated p53. The deacetylase activity of the truncated SIRT1 on the acetylated p53 was reduced compared to the full-length SIRT1, but it was also expressed at lower steady state levels ( Figure 6A ). To determine whether truncated SIRT1 was degraded faster, we inhibited protein synthesis with cyclohexamide, and we measured the degradation rate of the full-length and the truncated SIRT1 proteins. The truncated SIRT1 was degraded much faster than the full-length protein ( Figure 6B ). From these data, we conclude that the caspase-1-mediated cleavage of SIRT1 reduces its activity, as the truncated protein is unstable and rapidly degraded. 
DISCUSSION
In this study we demonstrate that SIRT1 has an important role for the maintenance of metabolic functions in white adipose tissue and the prevention of the development of obesity. Genetic ablation of SIRT1 specifically from adipose tissue resulted in increased adiposity and predisposition to metabolic dysfunction. Gene expression studies and pathway analyses revealed that SIRT1 activity is necessary to protect adipose tissue from transcriptional changes that lead to obesity and a propensity to insulin resistance upon dietary stress. Strikingly, most of the transcriptional changes induced by a short-term HFD in WT mice were mimicked in the fatspecific SIRT1 knockout mice fed a low fat diet. These findings suggest that HFD leads to SIRT1 inactivation in adipocytes, which is the cause of many of the resulting transcriptional changes.
Previous studies in liver indicate that stress signals trigger phosphorylation of SIRT1 by phosphorylated JNK1, leading to its destruction by the proteasome (Gao et al., 2011) . In adipocytes, we observed that HFD leads to an increase in both total and active phosphorylated JNK1. This increase could explain part of the loss of SIRT1 activity, although we were unable to detect any phosphorylated SIRT1. However, our studies reveal a mechanism taking place in adipose tissue of HFD-fed mice: the proteolytic cleavage of SIRT1 by caspase-1, the effector protein of the NLRP3 inflammasome cascade. These findings are consistent with previous reports showing that the NLRP3 inflammasome is activated by HFD, and that knockout of caspase-1 protects against metabolic dysfunction on this diet (Stienstra et al., 2010; Vandanmagsar et al., 2011) . Our findings suggest that the proinflammatory effect of the HFD is the triggering cue for SIRT1 cleavage. Indeed, other proinflammatory signals that activate caspase-1 via the NLRP3 inflammasome, such as TNFa also provoke the cleavage of SIRT1. Interestingly, PPARg, a key metabolic regulator in adipose tissue, has been reported to be cleaved by caspases, under conditions of stress and inflammation (Guilherme et al., 2009; He et al., 2008) . Therefore, the inflammasome-induced cleavage of key metabolic regulators, in the obese state might be the mechanism by which obesityinduced inflammation counteracts metabolic functions.
In summary, our studies show that SIRT1 is necessary for the maintenance of metabolic health in adipose tissue under normal dietary conditions. Mice lacking SIRT1 are therefore predisposed to metabolic dysfunction upon dietary stress. Our findings lead to a two-stage model for the effects of HFD in WT mice. In the first stage, SIRT1 protein is at least partially inactivated in adipose tissue, causing a unique transcriptional profile and a predisposition to metabolic disease. Under prolonged metabolic stress, loss of SIRT1 function from adipose tissue leads to a diabetic phenotype, manifested by whole-body glucose intolerance and insulin resistance. Consistent with this model, FKO mice were predisposed to develop diabetes on a short-term HFD. However, the ability of SIRT1 to protect against dietary stress in WT animals is limited, because these animals lose SIRT1 and eventually become diabetic. It will be interesting to determine whether increasing SIRT1 activity in adipose tissue will confer metabolic protection against long-term high-fat feeding.
EXPERIMENTAL PROCEDURES

Animal Studies
All animal procedures were performed according to Massachusetts Institute of Technology Committee on Animal Care. All mice were in C57BL6/J genetic background. The analysis of FKO and WT littermates was performed in females, unless otherwise stated in the text. For diet studies, female mice were fed diets with 60% or 10% of calories from fat (high-fat diet and lowfat diet, respectively; Research Diets), starting at 4 weeks of age and for the 8-12 weeks as indicated in the text. For GTT and ITT, mice were fasted overnight prior to injection with either 1 g/kg glucose or 1 IU/kg insulin. Plasma insulin, leptin, and adiponectin levels were measured after overnight fasting, by ELISA kits (Millipore). Free fatty acids were measured after overnight fasting with a commercially available kit (WAKO). For the induction of acute inflammation, male or female mice were injected intraperitoneally with a combination of 5 mg/kg LPS (Sigma)/0.7 mg/kg GalN (Galactosamine-HCl, Sigma) or 0.1 mg/kg TNFa (Enzo life sciences)/ 0.7 mg/kg GalN. In some experiments 5 mg/kg BOC-D-FMK (Calbiochem) or vehicle was injected intraperitoneally 30 min prior to TNFa/GalN injection. LPS and TNFa treatments were done in both genders. Representative experiments performed in males are shown in the main text. Experiments in females are included in Figure S5 .
Histological Microscopy
Paraffin-embedded adipose tissue sections were stained with hematoxylin and eosin. The cross-sectional size (area, mm 2 ) of adipocytes was determined in visceral adipose tissue with AxionVision software.
Cell Culture SIRT1 WT and KO mouse embryonic fibroblasts were previously described (Li et al., 2007) . Mouse 3T3-L1 cells were cultured and differentiated toward adipocytes as described previously (Picard et al., 2004) . For the TNFa treatment, cells were serum deprived overnight in Dulbecco's modified Eagle's medium (DMEM) containing fatty acid-free 0.3% bovine serum albumin. Next day they were treated with either 25 mg/ml cycloheximide (CHX) alone (control), or followed by 50 ng/ml TNFa 30 min later. In some experiments cells were pretreated for 1 hr with 50 mM BOC-D-FMK followed by CHX and TNFa. Four hours after TNFa treatment, cells were washed and protein extracts were prepared. For retroviral infections, HEK293T cells were transfected with pBabe constructs. SIRT1 KO MEFs were infected with the viral particles produced, following standard procedures. Macrophages were isolated from bone marrow from femurs and tibias and cultured in DMEM supplemented with 10% fetal calf serum and 20% L929 conditioned medium for 7 days. The medium was changed every 2 days.
Stromal Vascular Cell Fraction and Macrophage Preparation
For the isolation of stromal vascular fraction (SVF) cells, adipose tissue was digested with collagenase (1 mg/ml) for 30 min at 37 C with shaking. The cell suspensions were filtered through a 400 mm nylon mesh and centrifuged at 500 g for 5 min. SVF pellets and infranatant adipocyte fraction were used for PCR analysis or RNA preparation.
In Vitro Caspase Assays WT MEFs or KO MEFs, expressing WT or mutant SIRT1 proteins, were lysed in 50 mM HEPES (pH 7.4), 50 mM NaCl, 0.1% Chaps, 1 mM EDTA, 5% glycerol, 10 mM DTT by sonication. Protein extracts (50 mg) were incubated with commercially obtained caspases (Calbiochem) at 37 C. The reaction was stopped with the addition of SDS buffer.
Statistical Analysis
Data are expressed as mean ± SEM. Statistical significance of the differences between groups was determined by two-tailed unpaired Student's t test with the GraphPad prism software (*p < 0.05, **p < 0.01, ***p < 0.001).
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Gene expression data were deposited in Gene Expression Omnibus under accession number GSE30247. 
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